Introduction
Mobile learning tools have great potential to enhance educational experiences in a variety of settings. In this article we argue the case for how this potential could be realised in free-choice educational settings (settings where learners are free to choose what they learn from educational opportunities based on their own motivations and needs, e.g., museums, zoos). In particular, we focus on how learning experiences that integrate classroom and free-choice settings could be designed to incorporate mobile learning tools and affordances (range of possibilities offered by mobile technology). We situate this argument in the context of enhancing the ecological literacy (the knowledge and attitudes that support environmentally-friendly behaviour) of all learners (e.g., students, parents and the wider community) to promote sustainable communities.
There is growing evidence indicating that Information and Communication Technology (ICT) has the potential to enhance learning, increase knowledge and promote transformative changes in the attitudes and behaviour of both individuals and the broader community (Aguayo, 2014; Becta, 2009 ). Within ICT, today's mobile learning technologies (e.g., smartphones, tablets) have multiple potential positive impacts for teaching and learning. Most importantly, they allow for learning processes to occur practically anywhere in collaboration with anyone (Cochrane et al., 2013; Pachler, Bachmair, & Cook, 2010) . They also promote innovative (Parsons, 2013) , inclusive (Traxler, 2010) and transformative (Lindsay, 2015) types of learning that challenge traditional pedagogical approaches (Cochrane, 2014; Merchant, 2012) . The content can be shaped to fit individual characteristics and needs (Aguayo, 2016) through self-determined and real-life learning, and within user/learner-generated content and contexts (i.e. heutagogy) (Hase & Kenyon, 2013; Luckin et al., 2010; Narayan & Herrington, 2014 This wide-ranging flexibility can then be applied to (re)-connect people to places through culturallyresponsive experiences (O'Carroll, 2013) and promote locally meaningful transformative learning, ecological understanding and action taking for sustainability (Aguayo, 2014) . These approaches can also act to create continuity between classroom and outside-classroom experiences, and provide a record of learning experiences for later reflection or analysis.
Our aim here is then to theorise how the use of mobile learning could be incorporated to enhance learning experiences within free-choice educational settings, and how these experiences can be reinforced over time through digital mobile platforms. We draw on relevant existing theories to examine this potential.
Evidence-based literature on mobile learning
In the context of Aotearoa New Zealand, there is an accumulating body of evidence-based literature on mobile learning. One example is the recent Ako Aotearoa National Project 'Learners and mobile devices' (#npf14lmd project) that studied innovation and institutional transformation on mobile learning across six tertiary institutions and within more than 30 cross-discipline case studies (Frielick & Sciascia, 2016) . Outcomes from that project provide useful examples and guidelines for enhanced learning using mobile devices, and for successful online collaboration between mobile learning practitioners within tertiary environments. In addition, the 'He Whare Ako, He Whare Hangarau' framework (Sciascia & Aguayo, 2016) , developed as part of the #npf14lmd project provides useful insights on how Kaupapa Māori philosophies and values can be interwoven with mobile learning theories and practices, in order to address the implementation and use of mobile learning in culturally responsive ways across educational contexts.
Cultural responsiveness here not only refers to the notion of embracing locally relevant cultural values and practices, such as Kaupapa Māori philosophies of learning in the context of Aotearoa New Zealand, but also to consider universal values-based approaches to mobile learning in the design of learning experiences. In particular, the consideration of such values-based approaches to the use and integration of mobile learning within free-choice learning settings are of critical importance when promoting ecological literacy. This is because the knowledge and attitudes that support environmentally friendly behaviours, ideally, must be grounded in ethical considerations and values (Dresner, 2008; Orr, 2004 ).
In addition, in a recent review of mobile learning literature targeting key themes in mobile learning, and their prospects in relation to heutagogy, or learner-generated content and contexts, Aguayo, Cochrane, and Narayan (in press), in citing Traxler (2016) , indicate that research and practice within mobile learning has failed to realise the transforming potential of mobile technology, with current practice simply substituting prior pedagogical practice with new technology. In that sense, these authors make a call for the use and implementation of the unique affordances of mobile learning, such as authentic augmentation of educational practices through augmented reality (AR) and virtual reality (VR), into the research and practice of technology-enhanced education. Current mobile learning affordances, like AR and VR, are seen here as unique affordances that can support the design and implementation of learner-generated learning environments , and most definitely represent types of technological possibilities that could promote and enhance the provision of ecological literacy within free-choice educational settings.
New patterns of connected social learning
Recent mobile learning research has examined new patterns of connected social learning, and the designing of education around the transformative possibilities of digital tools (Cook & Santos, 2016) . In that regard, we recognise that learning in the twenty-first century can occur practically anywhere at any time, in school and out (i.e., in free-choice settings), between students, teachers, non-formal educators, and parents/adult learners, and the connectedness that mobile devices provide can enable this. Twenty-first century learning outcomes focus on enhancing access to knowledge and promoting organic and distributed social learning throughout the community, with an awareness that learning can be influenced by such technological innovations and affordances Bull, Petts, and Evans, 2008; Pachler et al., 2010) . In addition to these social connections, the socio-cultural context provided by the setting and those within it can build on, disrupt and challenge the personal constructs learners bring to those settings (Aguayo, 2016; Rennie & Johnston, 2004) . Mobile learning tools offer conditions for self-determined, socially connected learning (Cochrane, 2011; Hase & Kenyon, 2013; Narayan & Herrington, 2014) , and could potentially contribute to teaching and learning within freechoice educational settings.
Free-choice educational settings
Free-choice educational settings, such as zoos, aquariums, museums and visitor centres, offer unique learning experiences for relevant, context-based education (Ballantyne & Packer, 2011; Boyer & Roth, 2005) . Learning in these settings can be described as either non-formal, in which a structured, guided educational programme is provided in which learners choose to participate, or informal, in which unstructured, unguided learning opportunities are provided. The learning then may be governed by individuals' or groups' needs and motivations (Brookfield, 1986; Falk & Dierking, 2002) . These settings provide important experiential learning opportunities; for example, in promoting eco-literacy (knowledge, attitudes and behaviours) that can supplement learning within formal contexts (Falk, 2005) . Therefore free-choice educational contexts, such as nature-based visitor centres, can offer the opportunity to complement and reinforce indoor and outdoor experiences, and bring about positive and lasting outcomes that can potentially be life-changing, by promoting reflection and meaningmaking processes around socio-ecological issues (Ballantyne & Packer, 2005 . As free-choice settings are inherently learner-centred, the synergy between these settings and mobile learning becomes clear, as the mobile affordance has the potential to mediate and enhance the learner's interests in highly responsive ways. An example of where this potential could be realised to meet the objectives of the New Zealand Curriculum around science and sustainability within the local environment is the development of eco-literacy (i.e., 'ecological literacy') (Ministry of Education, 2009 Education, , 2016 Warner, Eames, & Irving, 2014) .
A more eco-literate citizenry
Education has a critical role in creating a more eco-literate citizenry (Orr, 2004; United Nations, 2012) . Eco-literacy, in this context, involves having knowledge and attitudes for a sustainable future, and the intentions and ability to act towards it. An ecologically literate citizenry is critical for addressing the profound and complex global challenges and social transformations taking place worldwide (Hackmann & St. Clair, 2012 ; United Nations Educational, Scientific and Cultural Organization (UNESCO), 2006). In New Zealand, concern has been raised regarding a general lack of scientific knowledge (Bull, Gilbert, Barwick, Hipkins, and Baker, 2010; Gluckman, 2011) , and regarding levels of eco-literacy that are required to address the social and ecological issues that we face (Parliamentary Commissioner for the Environment (PCE), 2007). This gap in understanding undermines the possibility of New Zealanders' informed social participation and engagement with key overarching priorities for the country, such as, for example, adaptation to, and mitigation of, climate change (Ministry for the Environment, 2007; PCE, 2014; Royal Society of New Zealand, 2016) .
Partnerships
Improving ecological literacy requires interventions across, and partnerships between, different sectors of society, as the challenges we face are complex and multi-layered, and knowledge and capabilities to address them are spread within the community. This includes those incorporating freechoice educational settings as well as those providing technological expertise in education, in order to promote engagement, literacy, participative action and transformative change towards socioecological sustainability within the wider society (Aguayo & Eames, 2017; Ministry of Education, 2007; Tilbury & Wortman, 2008; UNESCO, 2006) . Eco-literacy requires more than just knowledge development (Kollmuss & Agyeman, 2002) , but also includes experiences that can lead to attitudinal development, and both knowledge and attitudes are intrinsically linked to the action required to bring about change for sustainability (Jensen & Schnack, 1997) . Significant life events research has indicated the importance of time spent in nature in influencing pro-environmental behaviour in later life (Liddicoat & Krasny, 2013) , and place-based research has illustrated the importance of (re)-connecting people to places to support adoption of sustainable ways of living, both Teachers and Curriculum, Volume 17, Issue 2, 2017 internationally and within New Zealand (Gruenewald, 2003; Penetito, 2009; Smith, 2007) . The case is strong for the considerable value of free-choice educational experiences in developing eco-literacy, and the potential key role of mobile learning within such settings.
However, as noted by Ballantyne and Packer (2011) , research also indicates that although visitors often leave a free-choice educational setting with enhanced knowledge and an intention to adopt more environmentally-friendly behaviour, only a small number of visitors actually do so. Packer (2005, 2011) stress the need for further research to
• develop empirically-based principles for the design of learning experiences in non-formal settings that optimise learning for sustainability; and
• develop ways of complementing and reinforcing the free-choice learning experience with post-visit action resources.
Recent studies into the use of post-visit action resources have illustrated that provision of written materials and follow up emails encouraging sustainable behaviour have been shown to positively affect free-choice learning outcomes (Bueddenfeld & Van Winkle, 2016) , and the use of mobile learning opportunities can stimulate nature tourism visitors to remain engaged with the visit site through social media (Wheaton et al., 2015) . These studies recommend further research into the use of mobile technologies for educating and supporting visitors during their experiences, and into the use of social media "to build community and norms around a place or an issue" (Wheaton et al., 2015, p. 610) and encourage sustained commitment to pro-environmental behaviour. This indicates that mobile learning could not only facilitate wider and deeper learner-centred education at free-choice settings, but also encourage enduring behaviour change well beyond the learning experience.
Digital affordances
Having argued the case that mobile learning could complement and enhance learning in free-choice educational settings, how exactly might this be done? Recent research also indicates that learning technologies (e.g., videos, augmented reality, virtual reality) afford the reconnecting of people to places, and promote eco-literacy (Aguayo, 2014; Aguayo, Cochrane, & Narayan, 2016) . However, there is as yet no clear framework for using the tools and affordances within mobile learning and social media in free-choice educational settings to enhance the teaching and learning that could promote development of eco-literacy (Aguayo, 2015; Warner, Eames, & Irving, 2014) . We see social media as a powerful tool to facilitate and maintain collaborative connections between educators and learners beyond visits to free-choice educational settings to enable reinforcement of learning. Social media can also play a key role in keeping key educational partners connected and engaged to benefit from free-choice learning experiences; for example, in adapting mobile learning interventions to the changing conditions of the socio-technological environments, and/or in curating social media content and outputs related to particular free-choice learning experiences and thus facilitating post-intervention collection of information.
An understanding of how mobile technology can be integrated into the teaching and learning of key sustainability education outcomes that incorporate free-choice learning contexts is of strategic importance to education in New Zealand and beyond. As an example, it has become increasingly clear that models of mobile learning must focus upon BYOD (bring your own device) strategies that are not dependent on large amounts of external funding and sophisticated infrastructure (Johnson, Becker, Estrada, and Freeman, 2015; Traxler, 2010) . Our understandings of how mobile learning tools, affordances and experiences can be shaped to offer such ideal conditions for promoting learning within free-choice educational settings remain unknown.
A need for further research
We have set out the case here for readers to consider how learning experiences that enhance education within free-choice learning settings through mobile technology can potentially generate positive impacts on learners. Theorising and research evidence to date indicate that mobile learning and freechoice education are learner-centred and embedded in a socio-cultural framework. We have suggested here that this synergy holds potential for development of eco-literacy in learners. We acknowledge that there are risks of alienating people from nature through use of technology; however, our view is that it is not the technology per se which is the potential conflicting problem in such a case, but the way technology is shaped, used and fitted within learning contexts (Aguayo, 2017a (Aguayo, , 2017b 
